The conditions described by Hoffbrand, Newcombe, and Mollin (1966) for the estimation of red cell folate activity have been confirmed using a different method (Spray, 1964) of microbiological assay with Lactobacillus casei.
3.3 m,tg/ml. Subnormal red cell levels were found in only eight out of 29 other patients whose plasma folate level was below 2-0 m,tg/ml. In 26 patients with untreated pernicious anaemia, the red cell folate activity was between 44 and 280 m,tg/ml (mean 129) and the plasma level was between 1-6 and 19 m,ug/ml (mean 7 5). Hoffbrand et al (1966) described a simplified method for estimating folate activity in red cells. They reviewed earlier evidence that this test provides a better assessment of folate status than does serum folate activity and their data supported this conclusion. Some aspects of methods for measuring folate activity remain controversial and the method of Hoffbrand et al has therefore been examined in detail before using it to study patients.
METHODS
Blood was collected by venepuncture, using disposable syringes and needles, into plastic tubes containing heparin (Stayne Laboratories Ltd). Soon after collection, 1 ml blood was haemolysed in 9 ml freshly prepared 1 % (w/v) ascorbic acid solution. The packed cell volume was measured by a micro method on the remaining blood, which was centrifuged and the plasma was removed and ascorbic acid (5 mg/ml) was added. The haemolysate and plasma were stored at-20°C until required for assay.
After thawing at room temperature and mixing, the haemolysates (0 5 ml) were mixed with 0-9 ml freshly prepared 1 % ascorbic acid solution and 4-4 ml 0-2 M phosphate buffer pH 6-1 (Spray, 1964) and the volumes were made up to 10 ml with water. The solutions were autoclaved at 15 lb pressure for two and a half minutes, cooled, stirred with glass rods, and centrifuged. The supematant solutions, which were always clear, were decanted and aliquots (0-2 ml and 0 4 ml or 0-4 ml and 0-8 ml, according to the folate levels expected) were pipetted into each of four assay tubes. The volumes were made up to 1 ml with water and the folate activity was estimated as described previously (Spray, 1964) . The folate activity in plasma was estimated in the same way as for serum (Spray, 1964) . In 10 instances, plasma and serum from the same samples of blood were assayed and the results were almost identical. The red cell folate activity was calculated from the whole blood and plasma values as described by Hoffbrand et al (1966 little difference between the red cell folate activities calculated from the results on haemolysates of the original blood and of the altered samples (Table III) . Red cells from normal subjects and patients with vitamin B12 or folic acid deficiency were washed with 0-9 % NaCl solution and were then mixed with plasma of another type. There were no marked differences between the red cell folate activities using different types of plasma (Table IV) .
STORAGE OF SAMPLES The folate activities of 14 haemolysates, in three batches, were measured when the haemolysates were fresh and after they had been stored at -20°C. After four weeks' storage the mean value was 97 % of that when the samples were fresh; after eight weeks it was 95% and after 12 weeks, 96%. The storage of blood in other ways was not studied because all samples were processed soon after collection. (mean 192 , standard deviation 68) and for plasma folate activity, between 2-1 and 13 m,ug/ml (mean 4-9) ( Table V) . There was a significant correlation between the results from red cells and plasma (r = 0.63, p < 0-001). The distribution of the red cell levels appeared to be normal; that of the plasma levels was skewed, but the logarithms were normally distributed. On this basis the 95 % confidence limits of the plasma levels were 2-1-9-8 m,tg/ml. FOLIC ACID DEFICIENCY Sixteen patients with megaloblastic anaemia apparently due to folic acid deficiency were studied. The folate levels in the red cells were between 3 and 74 m,ug/ml, and in plasma between 0-1 and 1-0 m,ug/ml except in one patient, an alcoholic whose diet had been inadequate, in (Spray, 1955) whom the value was 3-3 m,tg/ml. This result was from a sample obtained after the patient had been in hospital, taking an improved diet, for two days. Before admission her serum folate level was 1-3 mrLg/ml; five days later it was again 1-3 m,ug/ml. There was a statistically significant correlation between haemoglobin concentration and red cell folate level in the 16 patients (r = 0-654, 0-01 > p > 0-001), in agreement with the findings of Hoffbrand et al (1966) . Three of the patients had subnormal serum vitamin B12 levels, but two of these three were shown to absorb vitamin B12 normally. Twenty-nine other patients were studied, either because their serum folate levels were below 2-0 m,ug/ml or because they were thought on clinical grounds to have folic acid deficiency. All except one had normal serum vitamin B12 levels. The red cell folate levels were between 29 and 240 m,tg/ml, the results in eight patients being below the normal range. The plasma values were between 0-4 and 1-9 m,ug/ml. These patients had a variety of conditions, including malabsorption (7 patients), iron deficiency (5), treatment with antiepileptic drugs (4), neurological disorders and Crohn's disease (3 each), and dietary deficiency, hepatic coma, chronic lymphatic leukaemia, lymphoblastic medullary reticulosis, uterine fibroids, tuberculosis, and sideroblastic anaemia (1 each). Twenty-one were anaemic for reasons other than folate deficiency; it is therefore impossible to analyse the results in detail. However, reports were available on the appearance of the bone marrow in 15 patients. Of six whose bone marrow was normoblastic, only one had a subnormal red cell folate level, compared with four subnormal results among the nine who showed early megaloblastic changes. VITAMIN B12 DEFICIENCY There were 26 patients with untreated pernicious anaemia, five who had had a partial gastrectomy, two who had had ileal resections, and one with jejunal diverticulosis. All had subnormal serum vitamin B12 levels. The red cell folate concentrations were between 38 and 300 m)tg/ml and the plasma folates levels between [1] [2] [3] [4] [5] [6] and 23 m,tg/ml. There was a significant correlation between the levels in the red cells and the plasma (r = 0-558, p < 0-001). In the 26 patients with pernicious anaemia, red cell folate levels were between 44 and 280 m,ug/ml, with a mean of 129 which was significantly lower than the normal mean (t = 4-27, p < 0-001). Only one value fell below the normal range at the 95 % probability level, although six (23 %) were below the observed normal range. The results in plasma were between 1-6 and 19 m,ug/ml (mean 7-5) . No correlation was found between haemoglobin concentration and red cell folate level in these 26 patients (r = 0-15, p > 0-1).
DISCUSSION
The results confirm the conditions described by Hoffbrand et al (1966) for the assay of folate activity in whole blood and red cells. Incubation of haemolysates was unnecessary for maximal release of folate activity. The relative volumes of plasma and red cells could be varied widely without affecting the red cell folate values. Plasma from patients with vitamin B12 or folate deficiency was as effective as normal plasma in releasing folate activity in haemolysates. Comparable results were obtained using between 0-1 and 0-8 ml of whole blood extracts in 5 ml of assay medium. The accuracy of the estimations was similar to that reported by Hoffbrand et al (1966) . Haemolysates in I % ascorbic acid solution were stored for up to 12 weeks without loss of activity.
The values from control subjects are lower than those found by Hoffbrand et al (1966) (Waters and Mollin, 1961; Spray, 1964) . However, the mean value for plasma in this study was 4 9 m,ug/ml, compared with 7-8 m,ug/ml for serum previously, using the same method of estimation. No explanation has been found for this difference; the lowest values were the same in both series. Red cell and plasma values of 64 and 0 9 m,ug/ml respectively were found in a healthy young married woman who was using oral contraceptives; the corresponding results from a second sample two weeks later were 76 and 1-8 m,ug/ml. Eighteen other such women were studied; the mean red cell level from the 19 women was 205 m,pg/ml (range 70-360) and the mean plasma level was 6-2 mp,g/ml (range 1-4-14). Neither mean was significantly different from those for the control subjects but, since the hormones may affect folate levels, the results are not included in the control group; they are quoted to show that occasionally healthy subjects have low folate levels.
Comparatively few patients with megaloblastic anaemia due to folic acid deficiency have bean available for study. However, the results support the suggestion that red cell folate provides a better assessment of folate status than does serum folate. Unequivocally low red cell levels were found in most of these patients, but 21 (72%) of 29 other patients whose serum folate level was below 2-0 m,tg/ml had normal red cell levels. None of the values in patients with folate-deficient megaloblastic anaemia were within the observed normal range, but two were within the normal range at the 95% probability level. This is similar to the ranges found by Hoffbrand et al (1966) , whose highest value in megaloblastic anaemia due to folate deficiency was 143 m,ug/ml, compared with an observed lower limit of the control range of 166 m,rg/ml.
Only one of the patients with untreated pernicious anaemia had an unequivocally subnormal red cell folate level, in contrast to the low levels found in 63 % of 46 patients by Hoffbrand et al (1966) . Nevertheless, the mean value in the present series was significantly lower than the mean for the control subjects. The lack of correlation between haemoglobin concentration and red cell folate level is also contrary to earlier findings, but the mean value for plasma was higher than the normal mean, in agreement with other reports.
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